Introduction
Edentulism is considered the most common debilitating oral condition that faces geriatric patients resulting in decreased masticatory function, loss of vertical dimension, defective speech, psychological problems, and change in dietary selection leading to impaired nutritional status.
Recent advances in implant designs, manufacturing, and techniques have led to high success rate in solving the problems of retention and stability of conventional dentures, especially the mandibular ones. [1] Overdentures supported by two implants have become increasingly popular within the past 20 years and considered the standard of care for edentulous mandible and the least costly implant prosthetic option. [2] [3] [4] [5] However, there are concerns that overdentures supported by only a few anterior implants might lead to progressive resorption of the posterior alveolar ridges.
International Dental & Medical Journal of Advanced Research • Vol. 3 • 2017 ultimate choice of attachment type should be based on clinical performance of the attachments regarding the functional loads on the implants and surrounding tissues, patient's satisfaction, technical problems, maintenance service, and attachment costs. [7] Bar attachment has the advantage of splinting implants together and consequently, the stresses and loads are distributed more uniformly. [8] However, the use of bar attachments includes some drawbacks, such as fracture of the prosthesis, require more space, over bulging of mandibular dentures lingually, frequent maintenance requirements, and increase the cost of overdentures. [9] Many authors accepted that traced panoramic radiographs are suitable for making reliable measurements of bone resorption in both the maxilla and the mandible. They presented a method of demarcating two areas in the jaws, one determined by the extent of the alveolar ridge and the other from anatomical landmarks not susceptible to resorption. The proportional value between the two areas was referred to as the area index. [10] [11] [12] So the question is, do the different bar designs, shapes, and movements permitted between the bar and denture will affect the posterior residual ridge resorption.
The aim of this study was to evaluate the posterior residual ridge resorption in overdenture retained by 3 different types of bar and clip connections (resilient, semi-resilient, and rigid).
Materials and Methods
A total of 18 completely edentulous male patients (age between 50 and 60 years) and complaining from inadequate retention of their mandibular dentures were selected from the outpatient clinic of Faculty of Dentistry, Minia University.
The patients were selected with the following inclusion criteria: Sufficient bone volume in the inter-foraminal region of the mandible, absence of mucosal lesions, and sufficient interarch space, co-operative patients, U-shaped lower ridge to avoid the lingual placement of the bar that occurs with V-shaped ridges, Class 1 Angle's classification with sufficient inter-arch distance (not <15 mm. at rest), normal horizontal relationship of the upper and lower arches, no tempro-mandibular joint disorders and normal tongue shape and size.
Exclusion criteria includes patients with any systemic diseases that may affect osseointegration (uncontrolled patients with diabetes and osteoporosis), cardiac diseases, and blood diseases as proved by the medical examination and laboratory investigations, any medical conditions that would seriously affect the surgical procedure and patients with bad habits such as smoking, alcohol consumption, or history of bruxism. All the patients were informed about their line of treatment, procedures and the necessity for their frequent attendance. A printed approval document was signed by each patient.
Each patient was examined carefully and a new complete denture was constructed. All steps for conventional complete denture construction were carried out according to the standard technique of denture construction. A panoramic radiograph and periapical radiographs at the selected implant sites were performed for each patient.
The lower complete denture was duplicated into transparent acrylic stent that was modified by reduction at the pre-estimated implant positions to be used as surgical stent. This stent was cold sterilized by glutaraldehyde solution.
Each patient received two implants inserted at the canine region bilaterally. A total of 36 screw indirect implants were inserted. The implants were connected by bars and immediately loaded within 2 weeks. All patients were randomly assigned and divided into 3 equal groups (6 patients each). Group 1: Received a rigid bar and clip connection (rounded top, flat sides in cross section, and transparent in color). Group 2: Received a semi-resilient bar and clip connection (teardrop shaped bar in cross section and yellow in color). Group 3: Received a resilient bar and clip connection (rounded bar in cross section and blue in color) [ Figure 1a ].
The implants used were screw indirect one-piece implant system (Spectra system, implant direct LLC, 27030 Malibu Hills Road, Calabasas Hills, CA 913101, US); 13 mm length, 3.7 mm width, and 5 mm platform. The standard technique of implant insertion was followed under strict rules of sterilization. Pre-operative medications: The patients were given a pre-operative antibiotic injection dose that was continued for 48 h then followed by an oral form for another 72 h. Great care was taken to maintain parallelism between the implants in buccolingual as well as mesiodistal directions. The occlusal level of the implants was also adjusted to be the same at both sides. The fitting surface of the denture was prepared opposite to the implant sites to accommodate the implant heads. A tissue conditioning material (Alpha Dental Products Co., subsidiary of Wallace A. Erickson & Co. 1920N. Clybourn Ave., Chicago, IL 60614, USA) was used to reline the mandibular denture to avoid tissue irritation or implant overloading.
According to the design of bar attachments (Oraltronics, steg-clip-system, Dental Implant Technology Gmbh, Postfach 102747. 28027 Bremen, Germany), the same procedures were made for each group except changing the type of the bar and sleeve. After 1 week of implant insertion, 2 plastic copings were attached to the implant heads with fixation screws. A plastic bar (according to the selected bar design for each group of patients) was placed between the 2 copings and its required length was marked and cut. 2 slots were made in the mesial aspect of each plastic coping using a round bur. These prepared sites guided the occlusogingival positioning of the bar pattern and facilitated its fixation into the copings (retaining slots) [ Figure 1b ].
The bar was fixed in place with the 2 copings using burnout self-cured acrylic resin (Duralay, Reliance Dental Manufacturing Co., Chicago, USA). After setting of the burnout self-cured acrylic resin; the 2 fixation screws were removed and the whole assembly was removed as 1 piece. The 2 copings and bar assembly were cast as 1 piece into nickel-chromium alloy according to the commonly used casting technique. The construction was then finished, tried in the patient mouth, and then polished. The passive fitness of the bar copings complex over the implants was checked by the tactile sense when seating the tightening screws in place without any resistance. If there was any misfitness; the construction was split and rejoined with Duralay for soldering. Only one bar needed splitting and soldering as this bar was fixed to the copings without the formation of the retaining slots at the mesial aspect of each plastic coping. Afterward, the preparation of these retaining slots was a standard procedure in all the cases.
The cast copings and bar were fixed in place onto the implant heads using fixation screws that were easily and passively tightened [ Figure 1c ]. The clinical pick-up procedure was the same for each group. The aim was to attach the metallic sleeve to the fitting surface of the mandibular denture under maximum biting force. The metal sleeve with the nylon clip was fixed in place on top of the metallic bar. The undercuts beneath the bar and copings were blocked out using smooth casting wax. The denture's fitting surface opposite the bar coping complex and metallic sleeve was prepared to allow for complete seating without interference. A small window was created at the lingual flange opposite to the bar and sleeve attachment to allow for escape of excess pick-up material. Methyl methacrylate free self-curing rebase material (Tokuyama Rebase II Fast, Tokuyama Dental Corporation, Japan) was mixed and applied in the fitting surface of the mandibular denture. The denture was seated in the patient mouth and the patient was asked to close in centric relation and maintain maximum biting for the period of setting of the rebase material. After setting of the rebase material; the denture was removed slowly then finished and polished. The implants in the three groups were engaged in active loading within 2 weeks of their insertion. After denture loading, the following measurements were carried out for each patient to evaluate the posterior residual ridge resorption at 2 follow-up intervals (from the loading time till 6 months and from the loading time till 12 months).
Proportional area measurement
This method is similar to that used by Wright et al. 2002 [13] using proportions that minimize errors related to magnification and distortion. The radiographs were digitized by scanning and tracing using AutoCAD (AutoCAD, AutoDesk 20. The experimental bone area was eventually outlined by the area PAMG and the reference area by the triangle MGN [ Figure 1e ].
The posterior ridge ratio was calculated by dividing the bone area over the reference area. Moreover, the ratios for the right and left part in each patient were averaged to get the mean. The change in posterior mandibular ridge ratio was calculated in the 1 st interval by subtracting (the ridge ratio at 6 months -the ratio at the loading time) and the 2 nd interval by subtracting (the ridge ratio at 12 months -the ratio at the loading time).
Statistical analysis
Statistical analysis was performed using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). For description of data, the mean values and standard deviation were calculated for the change in residual ridge resorption. An analysis of variance with repeated measures was carried out to compare between the groups under all interrelated factors. The data were subjected to three-way ANOVA followed by one-way ANOVA.
Results
During the different follow-up intervals, the posterior alveolar ridge reduction was recorded at the right and left sides of each patient in all groups.
When comparing the mean values of alveolar bone loss in the right and left sides for each patient in all groups, no statistically significant difference was observed during the follow-up intervals. Therefore, the mean values of the right and left sides were added and subtracted by 2 to get the mean bone height loss in each patient.
The mean bone loss or reduction at the 1 st interval (from the loading time to 6 months) was 0.29 ± 0.11 for resilient bar group, The mean bone loss or reduction at the 2 nd interval (from the loading time to 12 months) was 0.49 ± 0.12 for resilient bar group, 0.39 ± 0.13 for semi-resilient bar group, and 0.36 ± 0.16 for rigid bar group [ Table 1 and Figure 2 ].
There was no significant difference between all the groups at the 1 st and 2 nd intervals regarding the posterior alveolar ridge reduction. While there was a significant difference within each group between the mean values of the 1 st and 2 nd intervals as P value was >0.05.
Discussion
This study was to evaluate immediately loaded implants; connected together with a bar. 3 different types of bar and clip connection were used in this study. All factors that may contribute to implant failure and that may enhance the process of osseointegration were taken into consideration.
Only male patients were selected to avoid any possible hormonal changes accompanied with menopausal conditions which could affect bone condition. The sex and age group were unified to minimize variability in the rate of bone resorption. [14, 15] Patient's selection criteria were directed to avoid any condition that may interfere with normal bone metabolism or complicates surgical treatment. This was done using comprehensive medical history, clinical examination, and laboratory investigation.
All patients participating in this study exhibited Angle's Class I ridge relationship to avoid subjecting the implants to abnormal forces. Furthermore, patients with inadequate interarch space were excluded to facilitate insertion of the implant abutments, bar, and overdentures. [16, 17] Smokers were excluded due to the bad effect of nicotine on healing capability, impairment of blood circulation, and consequently affect the process of osseointegration. [18, 19] Patients with a history of abnormal or para-functional habits as clenching and bruxism were excluded to avoid excessive load and undue concentrated forces on the implants. Radiographic examinations were performed to detect any abnormalities or pathosis at the implanted site or denture foundation area. The amount of the available bone was measured to assess the capability for the treatment. [19, 22] Threaded form one piece implant (screwed) was used with the same length and width in all groups to make the comparison valid. As it needs less surgical procedure, minimizes operating time, and enhances the primary stability of the implant during the initial healing period as the screw geometry design provide the largest mechanical retention. [23] Recent survey reveals high success rates for implants retained mandibular overdenture most of which were retained by only 2 implants opposing mucosa supported maxillary denture. [24] The choice of the anterior mandibular region (the interforamina region) for implant insertion was due to the greatest available height of bone is located in the anterior mandible between the mental foramina. In addition, this region usually presents the optimal density of bone for implant support; it entirely features thick dense cortical plates, as well as dense trabecular bone, unlike the anatomy found in the posterior mandible which reported higher failure rates. [25] The importance of passively fitting superstructures to the implant and surrounding bone has been emphasized. [26] However, one of its disadvantages that appeared in one case in the current study was misfit of the metal framework to the implants. Distortion of the framework during the casting procedure has been cited as the main cause of misfit that complicates the treatment. [27] Infection control was strictly considered during surgical insertion of the implant which was done under aseptic conditions to enhance proper osseointegration.
The immediate loading approach presents several advantages. Only one surgical step is necessary and decreasing treatment time. Furthermore, soft and hard tissues are preserved as much as possible and the edentulous patient has definitive immediate prosthesis. [28] Splinting the implants may help to distribute the load widely between the 2 implants. It looks as if stress concentration around the implants in the bar was relatively less than that in the free standing implants. [29] The direct pick-up technique was preferred over the indirect technique in incorporating the metal clip to avoid the possible discrepancies that may occur if indirect technique was used. [30] The measurements within this study were performed on panoramic radiographs. Although minor differences in positioning patients are possible, the use of panoramic radiographs is generally accepted as a standardized procedure and has been used for equal purposes in previous studies.
Panoramic radiographs are widely used in clinical practice and are part of many recall programs. Therefore, the investigation of ridge resorption in large numbers of patients with these radiographs are feasible. [31] The proportional measurements are suitable and reliable for the assessment of residual resorption in the mandible than absolute measurements as it reduces the problems associated with magnification and distortion inherent in rotational tomograms and compensates for head positioning errors. [32] All the patients participated in this study used their dentures successfully. The patients were instructed to maintain proper oral hygiene, especially in the area below the bar. This area is very critical as it is liable to inflammation and hyperplasia if left without sufficient home care.
The insertion of 2 implants in the lower edentulous jaw had changed the mode of support from totally mucosa support; the case in complete denture to implant mucosa support. Changing the mode of support may help to relieve the anterior part from excessive pressure, decreasing the susceptibility of trauma, and sore spots which are common complaints in conventional complete dentures wearers. While the posterior residual ridge shares some of the load transmitted to some extent, this may lead after a short period to ridge resorption. [33] With resilient bar and clip connection retained restorations, the connection between the bar and the clip permits hinge motion (full rotational movements) as the bar is rounded in cross section, and this joint act as stress breaker. This full rotational movements allow the posterior residual ridge to share most of the load, and this can explain the more bone resorption in these cases with this type of bar and clip connection. [34] The clip being in the central part of the bar may act as stress breaker helping denture retention and at the same time allowing some movements without jeopardizing the supporting implants. This may be translated that the forces transmitted by the implants are within the physiological limit tolerated by the patient. [35] It is suggested that the virtual axis connecting the interforaminal implant and the bars should be parallel to the mandibular hinge axis. This would enhance the hinging movement and optimize load distribution between implants and tissues. [36] While rigid joint bar and clip connection (parallel-sided bar) may transmit more of the masticatory load to the implants and less to the denture-bearing mucosa, and this can explain the less posterior ridge resorption in these cases. [37] However, with the semi-resilient bar and clip connection (tear shaped in cross-section bar); the overdenture design guarantee limited rotation movement during dorsal loading. This can explain the less posterior ridge resorption than that of resilient connection but slightly more than that of rigid connection.
Theoretically, after implant insertion, these cases resemble bilateral distal extension cases. There is liability for the denture to rotate around a fulcrum line extending between the two posterior implants.
The average dimension of the calculated bone area was comparable to most previous studies. The posterior alveolar ridge resorption rate between 0.15% and 2.63% per year strengthens the conclusions drawn by Michael et al. 2015 and De Jong et al., 2010. [38, 39] In the current study, the results confirmed that there was no significant difference between the three groups during the whole follow-up intervals. This can be attributed to the limited rotation that can be resisted by the wide coverage and the denture flanges maximum extension.
On the other hand, it was recognized that there was a significant difference within each group between the 1 st interval and the 2 nd interval. Moreover, this can explain the effect of time on the posterior ridge resorption.
Therefore, the results do not recommend a protocol encompassing intervals for rebasing and relining, but a regular check of the denture base fit is strongly recommended. Meanwhile, further longitudinal research study on the residual ridge resorption with different bar connections is mandatory.
Conclusion
Under the limitation of this study, it was concluded that:
• Two mandibular implants connected with bar is considered a viable treatment option in mandibular edentulism.
• The type and shape of the bar and clip connection do not significantly affect the posterior residual ridge resorption within the 1-year follow-up period.
